Regulation of DNA methylation activity through Dnmt3L promoter methylation by Dnmt3 enzymes in embryonic development.
The genomic DNA is methylated by de novo methyltransferases Dnmt3a and Dnmt3b during early embryonic development. The establishment of appropriate methylation patterns depends on a fine regulation of the methyltransferase activity. The activity of both enzymes increases in the presence of Dnmt3L, a Dnmt3a/3b-like protein. However, it is unclear how the function of Dnmt3L is regulated. We found here that the expression of Dnmt3L is controlled via its promoter methylation during embryonic development. Genetic studies showed that Dnmt3a, Dnmt3b and Dnmt3L are all involved in the methylation of the Dnmt3L promoter. Disruption of both Dnmt3a and Dnmt3b genes in mouse rendered the Dnmt3L promoter devoid of methylation, causing incomplete repression of the Dnmt3L transcription in embryonic stem cells and embryos. Disruption of either Dnmt3a or Dnmt3b led to reduced methylation and increased transcription of Dnmt3L, but severe hypomethylation occurred only when Dnmt3b was deficient. Consistent with the major contribution of Dnmt3b in the Dnmt3L promoter methylation, methylation of Dnmt3L was significantly reduced in mouse models of the human ICF syndrome carrying point mutations in Dnmt3b. Interestingly, Dnmt3L also contributes to the methylation of its own promoter in embryonic development. We thus propose an auto-regulatory mechanism for the control of DNA methylation activity whereby the activity of the Dnmt3L promoter is epigenetically modulated by the methylation machinery including Dnmt3L itself. Insufficient methylation of the DNMT3L promoter during embryonic development due to deficiency in DNMT3B might be implicated in the pathogenesis of the ICF syndrome.